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© Liquid crystal display device for display with gray levels. 



© A liquid crystal display device having an ar- 
rangement of a plurality of pixel display regions (82) 
each including a plurality of divided pixels (A-D). and 
being capable of effecting display with a large num- 
ber of gray levels. Each of the divided pixels (A-D) is 
displayed individually and selectively with at least 
two gray levels. The liquid crystal device further 
includes pixel electrodes (31-36) for individually and 
selectively enabling the divided pixels (A-D), and a 
gray level setting circuit for controlling the sum of 
. the areas of the enabled divided pixels (A-D), there- 
by setting the gray levels of the pixels. In this 
device, one pixel display region (82) includes n 
2! divided pixels (A-D) and if each pixel (A-D) can be 
displayed with m gray levels, the areas of the pixels 
JJ"<A-D) are set to form a geometric progression using 
^masa common ratio, whereby display with m n gray 
levels for one display region (82) can be effected 
with high precision. 
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Liquid Crystal Display Device for Display with Gray Levels 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to liquid crystal 
display devices and particularly to a liquid crystal 
display device which displays a large number of 
gray levels with a high precision. 

Description of the Background Art 

Multiplex drive type liquid crystal display de- 
vices are widely utilized as liquid display devices. 
Such a drive type device uses liquid crystal inter- 
posed between two sets of strip electrode groups 
arranged oppositely to have the directions thereof 
intersecting with each other. The liquid crystal is 
driven by a drive circuit connected to each of the 
strip electrode groups. 

Referring to Figs. 1 to 3, a conventional mul- 
tiplex drive type liquid crystal display device com- 
prises: glass plates 103 and 104 having polarization 
plates 101 and 102 on the outer sides thereof, 
respectively; pixel electrodes 105 and 106 formed 
on the inner sides of the glass plates 103 and 104, 
respectively; a liquid crystal 107 enclosed in a 
space surrounded by the glass plates 103. 104 and 
a frame 108; a data drive circuit 110 connected to 
the pixel electrodes 105; and a scanning drive 
circuit 109 connected to the pixel electrodes 106. 

The pixel electrodes 105 connected to the data 
drive circuit 110 are called data electrodes. The 
pixel electrodes 106 connected to the scanning 
drive circuit 109 are called scanning electrodes. 
Interconnections between the data electrodes 105 
and the scanning electrodes 106 constitute pixels 
111. . . 

Referring to Figs. 1 to 3. the operation principle 
of the conventional device will be described. A 
twisted nematic type liquid crystal is used in this 
device. A liquid crystal display device using a 
twisted nematic type liquid crystal is hereinafter 
referred to as TN-LCD. The scanning drive circuit 
109 selects the scanning electrodes 106 in order 
and applies successively a pulse voltage thereto. 
The data drive circuit 110 applies a signal pulse 
voltage to the data electrodes 105. In each pixel 
111 connected to the scanning electrode 106 to 
which the pulse voltage is applied, the direction of 
liquid crystal molecules of the liquid crystal 
changes depending on the potential difference be- 
tween the scanning electrode 106 and the data 
electrode 105. 



Referring to Fig. 1, light incident on any pixel 
from the direction A is polarized in advance by 
polarization plate 101. When the voltage is not 
applied to the pixel, the polarization plane of the 
5 incident light is rotated by the liquid crystal mol- 
ecules in the liquid crystal 107. Consequently, if 
the polarizing directions of the polarization plates 
102 and 101 are set parallel, the light transmitted 
by the liquid crystal 107 cannot pass through po- 

10 larization plate 102. Viewed from the direction op- 
posite to the direction A. this pixel shown in Fig. 1 
is in a non-selected state and forms a dark point 

When the voltage is applied to an arbitrary 
pixel, the liquid crystal molecules in the liquid 

is crystal 107 change their direction in response to a 
change in electric field. The length direction of 
those liquid crystal molecules changes to a direc- 
tion perpendicular to the pixel electrode. Thus, the 
direction of each liquid crystal molecule changes to 

20 be in parallel with the light travelling direction. As a 
result the polarization plane of the light travelling in 
the liquid crystal does not change. The incident 
light passes through the polarization plate 102. 
When viewed from the direction opposite to the 

25 direction of the arrow A, the pixel 111 is selected 
state and forms a bright point. When the voltage is 
applied to the pixels selectively, only the selected 
pixels form bright points and form a contrast be- 
tween the non-selected pixels. As a result, an im- 

30 age is represented by the combination of the pixels 
in the selected state and the pixels in the non- 
selected state. 

The above described example was explained 
by using the TN-LCD. Also in the case of a liquid 

35 crystal display device using other type of liquid 
crystal, the same operation as described above is 
carried out in principle. As will be understood from 
the foregoing description, the LCD is in principle 
suited for binary display. 

40 In a multiplex drive type liquid crystal display 
device, three methods for representing more than 
two gray levels for each pixel are proposed. One of 
the methods utilizes a correspondence relation be- 
tween the voltage applied to each pixel and the 

45 intensity of the transmitted light. The second meth- 
od is a method of changing the frequency of ap- 
plication of the voltage to a pixel according to the 
gray level by which the pixel is to be displayed. 
The third method is to control the ratio between the 

so area in a bright state and the area in a dark state in 
a pixel. 

A relation as shown in Fig. 4 exists between 
the voltage applied to the liquid crystal and the 
intensity of the transmitted light. The first method is 
mainly used in the TN-LCD. This method utilizes 
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the relation as shown in Fig. 4 . According to this 
method* the magnitude of the electric field applied 
to the liquid crystal of each pixel is controlled in 
plural manners so that a display with gray levels 
can be realized. 

Referring to Fig. 4. the abscissa represents the 
voltage applied to a pixel and the ordinate repre- 
sents the intensity of the transmitted light in the 
pixel. If the voltage applied to the pixel increases, 
the transmitted light intensity in the pixel begins to 
change at a prescribed threshold voltage Vth. If the 
applied voltage is higher than the threshold voltage 
Vth. the transmitted light intensity increases sub- 
stantially linearly according to the increase of the 
applied voltage and it is saturated at a saturation 
voltage V s . 

In the following, a method of controlling the 
voltage applied to the pixels for displaying the 
pixels with eight gray levels will be described. It is 
assumed that the maximum transmitted light inten- 
sity is 1. It is also assumed that the transmitted 
light intensity corresponding to the threshold volt- 
age Vth is 0. The difference between Vjh and V s is 
divided into seven equal parts, and the start point, 
the division points and the end point are defined as 

Vth - V 0 and Vt. V 2 V 7 = V$. In order to 

. display a certain pixel with the fifth gray level, a 
voltage corresponding to the potential difference V s 
may be applied between the data electrode and 
scanning electrode of that pixel. The transmitted 
light intensity in that case will be about 4/7. In the 
LCD using this method, a display with 16 gray 
levels can be attained. 

The second method for display with gray levels 
will be described. According to this method, the 
frequency of application of the voltage to each 
pixel changes in plural manners, whereby the pix- 
els are displayed with gray levels. This method is 
mainly used in a super-twisted nematic type liquid 
crystal display device (hereinafter referred to sim- 
ply as STN-LCD) and in a ferroelectric liquid cry- 
stal display device (hereinafter referred to simply 
as FLCO). 

The number of times one pixel is set in a 
selected state for a unit period is called the fre- 
quency of excitation of the pixel. This frequency is 
adapted to the gray level with which the corre- 
sponding pixel is to be displayed, whereby the 
pixel is displayed with the desired level. A method 
for displaying the respective pixels with 256 gray 
levels will be described in the following. 

The brightest gray level is defined as the 256th 
level and the darkest gray level is defined as the 
first gray level. The pixel of the 256th gray level is 
selected 255 times for the unit period, while the 
pixel of the first gray level is selected 0 time. In 
other words, the pixel of the first gray level is not 
selected at ail. As for the second to 255th gray 



levels, the respective pixels are selected (n-1) 
times for the unit period with respect to the cor- 
responding gray levels n. If the above mentioned 
unit period is sufficiently short, it appears to the 

5 naked eye that the respective pixels are displayed 
with the gray levels corresponding to the respec- 
tive frequencies of excitation. 

The third method will be described in the fol- 
lowing. According to the third method, the areas in 

io the bright state and in the dark state in the respec- 
tive pixels are controlled. This method is mainly 
used in FLCD. An example of the device using this 
method is described for example in "Collection of 
Papers for the 13th Symposium on Liquid Crystals 

rs sponsored by the Japan Society of Applied Phys- 
ics, the Chemical Society of Japan and the Society 
of Polymer Science Japan" pages 138 et seq. 

Fig. 6 is a schematic sectional view of one 
pixel used in this method. This pixel includes nor- 

20 mal elements described previously at the begin- 
ning of the description of the background art. Plural 
concavo-convex forms having a depth d1 are 
formed with pitches d2 on a surface of the sub- 
strate 103. A pixel electrode 105 is deposited 

25 thereon. 

Because of the concavo-convex forms, even if 
the voltage applied to this pixel is uniform in the 
electrode of one pixel, the intensity of electric field 
differs dependent on difference in gaps between 

30 the respective pixel electrodes. In a display with 
intermediate gray levels, if a certain voltage is 
applied, the intensity of the electric field becomes 
larger than a certain value where the above men- 
tioned gap is smaller than a value determined by 

3s the applied voltage, and a bright state is set in that 
area while the other area remains in a dark state. 
The transmitted light intensity of the entire area of 
this pixel appears to be an intermediate level for 
the naked eye according to the ratio of the areas in 

40 the bright state and in the dark state. 

As shown in the example of Fig. 7, by chang- 
ing the applied voltage, it is possible for the trans- 
mitted light intensity of the pixel to have a value 
corresponding to the^ applied voltage. The display 

45 with gray levels by "utilizing the above mentioned 
relation is based on the operation principle of a 
liquid crystal display device according to the third 
method. Fig. 7 is a graph representing the relation 
between the applied voltage and the transmitted 

so light intensity according to the above mentioned 
method. It is to be noted that in the LCD of the 
example shown in this graph, the polarizing direc- 
tions of the polarization plates 101 and 102 are 
combined to set a dark state when the voltage is 

55 applied and to set a bright state when the applica- 
tion of the voltage is cancelled. 

The above-described display with gray levels is 
mainly utilized for color display. For instance in ar 
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computer terminal, it is presently possible to dis- 
play 16 3 , i.e.. 4096 different colors by displaying 
each of the three primary colors with 16 gray 
levels. In order to attain more natural tone, it is 
necessary to effect display with more than 16 gray 5 
levels with high precision. However, any of the 
above-described three methods for display with 
gray levels is not suited for high-precision display 
with a large number of gray levels such as 16 to 
256 gray levels. w 

The first method involves the following dis- 
advantages. According to this method, as shown in 
Rg. 4, the difference between the transmitted light 
intensity corresponding to the saturation voltage V s 
and the transmitted light intensity corresponding to is 
the threshold voltage V™ can be divided by a 
desired number of gray levels to be realized. The 
difference of the two voltages corresponding to the 
adjacent gray levels is substantially equal to a 
value obtained by dividing the difference of the 20 
saturation voltage V s and the threshold voltage V™ 
by the desired number of gray levels minus 1 . The 
above mentioned voltage difference becomes 
smaller according to the increase of the number of 
gray levels. A large number of gray levels requires 25 
a drive technique of extremely high precision ac- 
cordingly. 

Even if a drive technique for selecting an ap- 
plied voltage with high precision is realized, it is 
necessary for a liquid crystal layer used to have a 30 
high evenness. Otherwise, irregularities would oc- 
cur in the transmitted light intensity in the respec- 
tive pixels with respect to the same applied volt- 
age, making it difficult to represent correct gray 
levels. For the above described reasons, it is im- 35 
possible with a large number of gray levels such as 
16 to 256 levels to effect a display with high 
precision according to the first method. 

According to the second method, display with 
desired gray levels should be obtained theoreti- 40 
cally. However, in reality, problems as described 
below are involved. In order to obtain an image 
without flickering by normal gray level display, the 
time for scanning all the pixels need to be less 
than about 16 msec. This is because 60 frames are 45 
displayed for one second in a television set for 
example. In such a case, each pixel is scanned 
once at intervals of 16 msec. 

According to this second method, it is neces- 
sary to further divide each period of 16 msec so 
according to the number of gray levels and scan- 
ning needs to be effected by using the divided 
minimum unit time thus obtained. This period is 
about 2.3 msec in the case of 8 gray levels. It is 
about 1.1 msec in the case of 16 gray levels and it *55 
is as short as 0.06 msec in the case of 256 gray 
levels. At present, it is impossible to scan ail the 
pixels for such a short period. 



The third method involves the below described 
problems. According to this third method, gray 
levels are represented by a ratio of the areas in the 
bright state and in the dark state in one pixel. 
However, in the same manner as in the first meth- 
od, it is necessary to apply, to the corresponding 
pixel, a voltage regulated with high precision ac- 
cording to a gray level to be represented. For this 
reason, a drive device having high precision is 
required. Furthermore, in a display device using 
this method, it is impossible to control the areas in 
the bright state and the areas in the dark state in 
one pixel. Consequently, it is also impossible to 
effect a precise display with gray levels. 



SUMMARY OF THE INVENTION 

Therefore, an object of the- present invention is 
to provide a liquid crystal display device capable of 
effecting display with a large number of gray levels 
with high precision. 

According to an aspect of the present inven- 
tion, a liquid crystal display device comprises a 
liquid crystal display panel including an arrange- 
ment of a plurality of pixel display regions. Each 
pixel display region includes a predetermined plu- 
ral number of divided display region. Each divided 
display block can be displayed individually and 
selectively with at least two gray levels. The liquid 
crystal display device according to the present 
invention includes, in each pixel display region, a 
display drive device for enabling individually and 
selectively the divided display blocks, and a gray 
level attaining circuit coupled to the display drive 
device, for controlling the number of divided dis- 
play blocks to be enabled for each pixel display 
region to attain a gray level for each pixel display 
region. 

It is only necessary for the respective divided 
display blocks to be displayed with at least two or 
more gray levels. This can be easily accomplished. 
The gray level attaining circuit controls the number 
of divided display blocks to be enabled in each 
pixel display region, whereby the gray level in each 
pixel display region is obtained as a result of 
weighted mean of the gray levels in the respective 
divided display blocks and the sums of the areas of 
those pixel. Consequently, display with a large 
number of gray levels can be effected by selection 
of divided display blocks. 

Thus, the liquid crystal display device capable 
of performing display with a large number of gray 
levels with high precision can be provided. 

According to another aspect of the present 
invention, a liquid crystal display device comprises 
a liquid crystal display panel including an arrange- 
ment of a plural number of pixel display regions. 
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Each pixel display region includes n divided dis- 
play blocks. Each divided display block is dis- 
played individually and selectively with m gray 
levels. The areas of the respective divided display 
blocks are selected to form a geometric progres- 5 
sion using m as a common ratio. The gray level 
attaining circuit controls gray levels of the divided 
display blocks for each pixel display region. 

The area of each divided display block is se- 
lected as described above and the number of gray io 
levels for the divided display blocks is controlled; 
by m combinations. In consequence, the sums of 
the selected areas of the divided display blocks 
times the gray level thereof constitute an arithmetic 
progression of m n different values. Accordingly, the is 
liquid crystal display device can effect a display 
with m n gray levels with high precision. In addition, 
it is required for each divided display block to be; 
displayed with only m combinations of gray levels." 
Those displays can be easily controlled by the 20 
conventional techniques. Thus, the liquid crystal 
display device capable of easily effecting display 
with numbers of gray levels with high precision can 
be provided. 

According to a further aspect of the present 25 
invention, the first divided display block of the 
smallest area is located at the center of a pixel. 
The other divided display blocks are divided into 
an even number of partial sections, which are ar- 
ranged to form a point symmetry with respect to 30 
the first divided display block. Accordingly, partial 
imbalance of display densities hardly occurs in 
intermediate gray level representation and the qual- 
ity of the image can be improved. Thus, the liquid 
crystal display device capable of effecting display 35 
with many gray levels easily with high precision 
and with a good quality of image can be provided. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 40 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view of a 
Gquid crystal display panel of a multiplex drive type 
liquid crystal display device. 

Fig. 2 is a perspective view showing an so 
electrode structure of a multiplex drive type liquid 
crystal display device. 

Rg. 3 is a view taken along the direction Ill- 
Ill in Rg. 2. 

Rg. 4 is a graph showing a correspondence 55 
between applied voltage and transmitted light in- 
tensity in a TN-LCD. 

Rg. 5 is graph showing a method for obtain- 



ing a necessary applied voltage for effecting a 
desired gray level display in a conventional TN- 
LCD. 

Rg. 6 is a schematic sectional view of a 
liquid crystal display device for effecting display 
with gray levels in an FLCD. 

Rg. 7 is a graph for explaining the principle 
of a conventional method for display with gray 
levels. 

Rg. 8 is a schematic plan view showing an 
electrode arrangement of a liquid crystal display 
device according to an embodiment of the present 
invention. 

Rg. 8A is a sectional view taken along the 
direction VIHA-VIIIA in Rg. 8. 

Rg. 8B is a table showing selected states of 
pixels for effecting display with 16 gray levels in 
the liquid crystal display of the embodiment 

Rg. 8C is a schematic illustration showing 
selected states of the respective pixels for attaining 
16 gray levels. 

Rg. 9 is a schematic plan view showing an 
electrode structure of a liquid crystal display device 
according to another embodiment of the present 
invention. 

Rg. 10 is an illustration showing gray level 
display conditions for a display unit in the liquid 
crystal display device. 

Rg. 11 is a schematic plan view showing an 
electrode arrangement in a liquid crystal display 
device according to a further embodiment of the, 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A liquid crystal display device according to the 
present invention has been developed based on 
the following concept A number no of adjacent 
pixels in a liquid crystal display panel are assumed 
to form one display unit Each display unit is 
formed by intersection of k scanning electrodes 
and l data electrodes. Consequently, no = k't - 
(no. k and t being natural numbers). Some of no 
pixels are connected to be electrically equivalent 
Thus, some pixels are electrically connected to be 
always in an equal display state, whereby those 
pixels are regarded as one pixel group. All the 
pixels in one display unit are divided into n pixel 
groups. 

Each pixel can be displayed with m gray lev- 
els. The gray levels of each pixel include the level 
in the brightest state and the level in the darkest 
state. When the areas of the respective pixel por- 
tions are set to a specified ratio, the number of 
gray levels display able for one display unit is the 
largest and display with gray levels can be effected 
at equal intervals of density. This is made clear as 
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a result of studies by the inventors of the present 
application. 

ft is assumed that n pixel groups exist in one 
display unit and that each pixel is displayable with 
m gray levels. The most suitable ratio of the areas 
obtained is as follows. 
A1 : A2 : ... : An = m 0 * 1 : m°* 2 ... : 1 

where Ai (i s 1. 2 n) represents the total of the 

areas of all the pixels included in the ith pixel 
group in one display unit. One display unit having 
the electrode structure thus designed is capable of 
representing m n gray levels at intervals of 100/(m n - 
1)% from the display density 0% to the display 
density 100%. 

A large number m n is obtained as the number 
of gray levels displayed for one display unit How- 
ever, the number m of gray levels displayed for 
each pixel is small. Accordingly, display with many 
gray levels can be easily attained based on this 
concept For example, 16 gray levels can be repre- 
sented in the case of m = 2 and n = 4. In 
addition, 256 gray levels can be represented in the 
case of m = n = 4. 

In the following, an embodiment realized based 
on this technical thought will be described in detail 
with reference to the drawings. Referring to Figs. 8 
to 8C, an STN-tCD according to an embodiment of 
the present invention will be described. In Rgs. 1 
and 8A, the identical elements are denoted by the 
identical reference characters and they have the 
same functions. Therefore, the, description thereof 
is not repeated. The LCD of the present invention 
is different from the conventional LCD in that the 
LCD of the present invention has a new special 
arrangement of scanning electrodes 11, 12 and 
data electrodes 13, 14. 

A pair of scanning electrodes 11, 12 and a pair 
of data electrodes 13. 14 are arranged oppositely 
to intersect with each other, whereby four pixels 21 
to 24 are formed and they constitute one display 
unit 81. A ratio of the widths of the scanning 
electrodes 11, 12 is selected to be 2:1. A ratio of 
widths of the data electrodes 13. 14 is selected to 
be 4:1. The pixel 21 is formed at an intersection of 
the scanning electrode 11 and the data electrode 
13. The pixel 22 is formed at an intersection of the 
scanning electrode 12 and the data electrode 13. 
The pixel 23 is formed at an intersection of the 
scanning electrode 11 and the data electrode 14. 
The pixel 24 is formed at an intersection of the 
scanning electrode 12 and the data electrode 14. 
Accordingly, the ratio of the areas of the pixels 21. 
22, 23 and 24 is 8:4:2:1. 

Let us assume that the pixels 21, 22, 23 and 
24 have sufficiently small sizes. In this case, the 
display unit 81 formed by those pixels appears to 
be represented uniformly with a display density 
obtained by a weighted mean of the areas of the 



display densities of those pixels. 

For example, if the respective pixels 21 , 22, 23 
and 24 are independently displayed with two gray 
levels, the display unit formed by those pixels can 

5 be displayed with 16 display densities. Figs. 8B 
and 8C represent the states of those 16 display 
densities in a corresponding relation. Referring to 
Fig. 8B, when only the pixel 24 is on. the display 
unit 81 is displayed with a display density 6.7%. 

w When only the pixel 23 is on, the display unit 81 is 
displayed with a density 13.3%. Similarly, by ad- 
justing the states of the pixels 21, 22. 23 and 24. it 
is possible for the display unit 81 to be displayed 
with 16 gray levels having constant density differ- 

15 ences at intervals of about 6.7%. 

This embodiment is related with the case of n 
- 4 and m = 2. Accordingly, the LCD of this 
embodiment is capable of representing 2*. i.e., 16 
gray levels. 

20 

Second Embodiment 

According to the second embodiment an 
25 FLCD having the same electrode structure as that 
shown in the first embodiment and using a fer- 
roelectric liquid crystal (FLC) was prepared. In this 
second embodiment also, the same control as in 
the STN-LCD of the first embodiment was effected, 
30 whereby it was made possible to represent 16 gray 
levels. Since the respective pixels are displayed 
with only two gray levels, it is not necessary to 
strictly control a precision in preparation of a liquid 
crystal display panel. 
35 Because of the high speed operation and the 
testability of the FLC, the LCD of this second 
embodiment has good response and makes it pos- 
sible to obtain a stable quality of image. 

40 

Third Embodiment 

Referring to Rgs. 9 and 10. the third embodi- 
ment of the present invention will be described. An 

45 STN-LCD of this third embodiment includes a dis- 
play unit 82 formed at intersections between a set 
of three scanning electrodes 31, 32, 33 and a set 
of three data electrodes 34. 35. 36. The display 
unit 82 includes nine pixels 41 to 49. The pixels 41, 

so 42, 43 are formed at intersections between the 
scanning electrodes 31. 32. 33 and the data elec- 
trode 34. The pixels 44. 45. 46 are formed at 
intersections between the scanning electrodes 31, 
32, 33 and the data electrode 35. The pixels 47, 

55 48. 49 are formed at intersections between the 
scanning electrodes 31 , 32. 33 and the data elec- 
trode 36. 

A ratio of the sum of the widths of the scanning 
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electrodes 31 and 33 to the width of the scanning 
electrode 32 is 2:1. In this embodiment, the widths 
of the scanning electrodes 31 and 33 are equaJ. 
Therefore, the ratio of the widths of the scanning 
electrodes 31, 32 and 33 is 1:1:1. A ratio of the 
sum of the widths of the data electrodes 34 and 36 
and the width of the electrode 35 is 4:1. The widths 
of the electrodes 34 and 35 are equal. Therefore, 
the ratio of the widths of the electrodes 34. 35 and 
36 is 2:1:2. 

The ratio of the areas of the nine pixels 41 to 
49 formed at the intersections of the three scan- 
ning electrodes 31, 32, 33 and the three data 
electrodes 34. 35, 36 is 2:2:2:1:1:1:2:2:2 as is un- 
derstood from the above discussions. Since the 
scanning electrodes 31 and 33 are electrically con- 
nected with each other, and the data electrodes 34 
and 36 are connected with each other, those nine 
pixels are divided into the following four groups A, 
B, C and D formed by electricaJly equivalent pixels. 

A: pixels 41,43,47,49 

B: pixels 42, 48 

C: pixels 44, 46 

D: pixel 45 

The ratio of the sums of the areas of the pixels 
of those four groups is as follows: 
A:B:C:D = 8:4:2:1 

By selecting the pixels of those four groups in 
the same manner as in the case of the four pixels 
21 to 24 of the first embodiment, it is possible to 
effect display with 16 gray levels. A pattern of 
selected or non-selected states of the respective 
pixels for each of the intermediate gray levels is 
shown in Fig. 10. Referring to Fig. 10, the char- 
acters attached to the respective patterns indicate 
the gray levels set by these patterns. 

The selected states of the pixels 41 to 49 for 
each gray level are shown in Fig. 8B, where in this 
case the pixel number 21 is replaced by 41 . 43, 47, 
49. the pixel number 22 is replaced by 42, 48, the 
pixel number 23 is replaced by 44, 46, and the 
pixel number 24 is replaced by 45. 

In this electrode structure, the geometric center 
of the display, unit coincides with the center of the 
intermediate density for all the gray levels. Con- 
sequently, compared to the first and second em- 
bodiments, the LCD of the third embodiment has a 
better display quality. 



Fourth Embodiment 

Referring to Rg. 11. an STN-LCD of the fourth 
embodiment of the invention includes a display unit 
83 formed at intersections of a set of three scan- 
ning electrodes 51, 52, 53 and a set of three data 
electrodes 54, 55. 56. Large numbers of scanning 
electrodes 51. 52, 53 are arranged in parallel with 



each other in this order. Large numbers of data 
electrodes 54, 55. 56 are arranged in this order in a 
direction perpendicular to the direction of the scan- 
ning electrodes 51, 52, 53. Accordingly, a large 

5 number of display units 83 are arranged regularly 
in the vertical and horizontal directions on the liquid 
crystal display panel. 

Each display unit 83 includes nine pixels 61 to 
69. The pixels 61, 62, 63 are formed at intersec- 

io tions between the scanning electrodes 51, 52, 53 
and the data electrode 54. The pixels 64. 65, 66 
are formed at intersections between the scanning 
electrodes 51, 52, 53 and the data electrode 55. 
The pixels 67. 68. 69 are formed at intersections 

is between the scanning electrodes 51, 52, 53 and 
the data electrode 56. 

The ratio of the sum of the widths of the 
scanning electrodes 51 and 53 to the width of the 
scanning electrode 52 is 4:1. In this embodiment, 

zo the widths of the scanning electrodes 51, 53 are 
equal. Therefore, the ratio of the widths of the 
scanning electrodes 51. 52, 53 is 2:1:2. The ratio of 
the sum of the widths of the data electrodes 54 and 
56 to the width of the data electrode 55 is 16:1. 

25 The widths of the data electrodes 54 and 56 are 
equal. Therefore, the ratio of the widths of the data 
electrodes 54. 55. 56 is 8:1:8. 

Evidently, the ratio of the areas of the pixels 61 
to 69 is 16:8:16:2:1:2:16:8:16. Since the scanning 

30 electrodes 51 and 53 are electrically connected 
with each other and the data electrodes 54 and 56 
are electrically connected with each other, those 
nine pixels are divided into the following four 
groups E. F, G, H formed by electrically equivalent 

$s pixels. 

E: pixels 61.63. 67.69 
F: pixels 62, 68 
G: pixels 64, 66 
H: pixel 65 

40 The ratio of the areas of those four groups of 
pixels is as follows. 
E:F:G:H = 64:16:4: 1 

ln^ this embodiment, the respective pixels are 
displayed with four gray levels by the well known 
45 technique. The pixels included in each group are 
displayed with the same gray level. 

This embodiment corresponds to the case of m 
= n - 4. Consequently, each group of pixels is 
displayed with four gray levels in the STN-LCD of 
50 this embodiment whereby display with 4* = 256 
gray levels can be effected. In the STN-LCD of this 
embodiment as well, the center of the display unit 
coincides with the center of the intermediate den- 
. sity for all the gray levels in the same manner as in 
55 the third embodiment. Therefore, an excellent qual- 
ity of display can be obtained. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
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stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 

There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
application, irrespective of whether or not they are 
included within the scope of the following claims. 



Claims 

1. A liquid crystal display device comprising a 
liquid crystal display panel including an arrange- 
ment of a plurality of pixel display regions (81. 82, 
93), 

each said pixel display region (81 . 82, 83) including 
a predetermined plural number of divided display 
blocks (21-24, A-H), 

each said divided display block (21-24, A-H) being 
able to be displayed individually and selectively 
with at least two gray levels, said liquid crystal 
display device comprising 

display drive means (11-14, 31-36, 51-56) for in- 
dividually and selectively enabling said divided dis- 
play blocks (21-24, A-H) in each said pixel display 
region (81. 82. 83), and 

gray level setting means (109, 110) coupled to said 
display drive means (11-14, 31-36. 51-56), for con- 
trolling the number of said divided display blocks 
(21-24, A-H) to be enabled for each said pixel 
display region (81 . 82, 83). thereby setting a gray 
level for each said pixel display region (81, 82, 83). 

2. A liquid crystal display device in accordance 
with claim 1 , wherein 

said predetermined plural number is a predeter- 
mined first number, 

each said divided display block (21-24, A-H) is 
displayed individually and selectively with a second 
number of gray levels, said second number being 
two or more, 

said first number is selected such that areas of 
said divided display blocks (21-24. A-H) form a 
geometric progression using said second number 
as a common ratio, 

said gray level setting means (109. 110) controls 
the number of gray levels of each said divided 
display block (21-24, A-H) for each said pixel dis- 
play region (81. 82, 83), whereby 
each said pixel display region (81,82, 83) is dis- 
played with gray levels the number of which equals 
said second number to the first number power. 

3. A liquid crystal display device in accordance 
with claim 2, wherein 

said divided display blocks (A-H) include a partial 



area (41-49, 61-69). 

4. A liquid crystal display device in accordance 
with claim 3. wherein 

said partial areas (41-49). 61-69) included in the 
5 same one of said divided display blocks (A-H) are 
controlled to be always in an equal display state. 

5. A liquid crystal display device in accordance 
with claim 4, wherein 

said partial areas (41-49. 61-69) included in the 
w same one of said divided display blocks (A-H) have 
areas equal to each other. 

6. A liquid crystal display device in accordance 
with claim 5, wherein 

said partial areas (41-49. 61-69) included in the 
75 same one of said divided display blocks (A-H) are 
arranged to be symmetrical to each other with 
respect to the center of said divided display block 
(A-H). 

7. A liquid crystal display device in accordance 
20 with claim 6, wherein 

said first number is four. 

8. A liquid crystal display device in accordance 
with claim 7, wherein 

said second number is two. 
25 9. A liquid crystal display device in accordance 

with claim 7, wherein 
said second number is four. 

10. A liquid crystal display device in accor- 
dance with claim 2, wherein 

30 said first number is four. 

11. A liquid crystal display device in accor- 
dance with claim 10. wherein 

said second number is two. 

12. A liquid crystal display device in accor- 
35 dance with claim 10, wherein 

said second number is four. 

13. A display device comprising an array of 
display elements arranged in a plurality of display 
regions, each said display region being subdivided 

40 into a plurality of display blocks, and each said 
display block comprising one or more of said dis- 
play elements and having a plurality of display 
level conditions, wherein the display blocks have 
different areas and wherein display control means 

45 is operable to drive said display blocks of a said 
display region individually and in predetermined 
combinations to provide for the display region as a 
whole a grey scale of display. 

14. A display device according to claim 13 
so wherein the operation of said display control means 

and/or the variation in areas of the display blocks is 
such as to provide a said grey scale comprising a 
number of different level display states which is 
greater than the number of said display blocks in 
55 said display region. 
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